This paper evaluates the use of denaturing high performance liquid chromatography (DHPLC) technology for the discrimination of genetic differences in the 16S rRNA and alcohol dehydrogenase (AdhA) genes among bacterial species based on its efficiency and sensitivity to enable the detection and discrimination of different genetic sequences. In order to optimize DHPLC protocols for the analysis of 16S rRNA gene fragments amplified from bacteria, DNA isolated from 22 different strains representing main bacterial groups of interest in food microbiology was analyzed. While the use of 16S rRNA gene did not allow to difference two wild strains of Acetobacter malorum, this region revealed as useful to differentiate them from some pathogenic bacteria as Escherichia coli, Salmonella typhimurium, Listeria monocytogenes, Listeria innocua, Clostridium perfringens or Sthapylococcus aureus, from spoilage microorganisms as Xantomonas vesicatoria and Alicyclobacillus spp., and also from lactic acid bacteria as Lactobacillus plantarum, Lactobacillus casei, Lactobacillus sakei, Lactobacillus acidophilus, Streptococcus thermophilus and Lactococcus lactis that may suppose technological risk during vinegar production. The results demonstrate that 16S rRNA gene region is not adequate for the discrimination of the acetic acid bacteria (AAB) strains, so AdhA gene was selected to identify the two wild strains of Acetobacter malorum. Also 6 different reference strains of AAB were separated based on differences in AdhA gene region. DHPLC technology is able to discriminate between these two wild strains of A. malorum based on differences existing in the AdhA gene region. The data obtained indicate that the technique is capable of identifying most bacteria at species level and even at strain level with optimization of the protocols. This is of particular relevance in the case of AAB due to their poor recovery on culture media and difficulties in detection of viable but non cultivable cells.
Introduction
Acetic acid bacteria (AAB) are microorganisms responsible for the transformation of ethanol into acetic acid. Nevertheless, not all the strains of a certain species have the same ability to carry out this oxidation. 1 Therefore, it is important to discriminate among AAB strains during a fermentation process to determine how many strains are involved and which one is leading the process. Several types of vinegars are produced worldwide, differing in raw material, technologies (e.g. traditional and submerged methods of production) and use. 2 The oxidation process is started by seed-vinegar, the so-called mother of vinegar that is a microbiologically undefined starter culture obtained from previous vinegar. The possibility of selecting strains with interesting properties to be used as new starter cultures may lead to an improved fermentation process. Optimization of desirable strain properties and elimination of undesirable microbial side effects are not possible in fermentations with wild unknown cultures. 1 Nowadays thirteen AAB genera are recognized: Acetobacter, Gluconobacter, Gluconacetobacter, Acidomonas, Asaia, Neoasaia, Granulibacter, Tanticharoemia, Ameyamaea, Kozakia, Saccharibacter, Swaminathania and Neokomagataea. There are studies that relate the presence of Acetobacter pasterianus to the production of vinegars with a low acid content [3] [4] [5] and the presence of Gluconacetobacter species (Ga. xylinus, Ga. europaeus, Ga. oboediens and Ga. intermedius) to high acidity industrials vinegars. 6, 7 In traditional balsamic vinegar, which can be considered to be a mild-acidity vinegar, A. pasteurianus, Ga. europaeus and Ga. xylinus are the main species. [8] [9] [10] The greatest limits to study and select AAB are due to difficulties in their isolation and cultivation. This is especially true for those strains isolated from N o n -c o m m e r c i a l u s e o n l y sources with a high concentration of acetic acid, [9] [10] [11] since they adapt to the extreme media. These cultivable problems have been associated to the absence of a suitable culture medium and the inability to detect viable but non cultivable (VBNC) cells by culture methods. 12, 13 For this reason, culture-independent methods, as the application of molecular methods, based on the identification/characterization of specific DNA segments, could be a proper solution for quick and accurate identification of these microorganisms. AAB have been identified by DNA-rRNA hybridization, DNA-DNA hybridization and ribosomal RNA gene sequences (5S rRNA, 16S rRNA and 23S rRNA) as well as AdhA gene sequences. 14, 15 Denaturing high performance liquid chromatography (DHPLC) is used in a wide variety of genetic applications and most recently, a new application for this technique has been introduced: the identification of bacteria. Protocols for DHPLC -originally developed for mutation analysis [16] [17] -were adapted for the separation of polymerase chain reaction (PCR)-amplified bacterial 16S rRNA gene fragments. PCRamplified fragments are subjected to a column containing polystyrene/polydivinylbenzene particles. The separation of the PCR products is based on the elution of partially melted DNA molecules by the reagent triethylamonium acetate (TEAA). Bacterial DNA samples with internal sequence variations and melting domains display differences in retention times. There are some key factors to successful detection of bacterial genetic variants in DHPLC: PCR primer design, PCR protocol, separation gradient and temperature. 18 This technique is a well documented culture-independent method for analysis of microbial communities in environmental and food samples such as intestinal flora, 19 urinary tract infections, 20 cheese and dairy products, 21 endodontic infections 22 and soil. 23 It has been used as an efficient diagnostic method for rapid identification of foodborne pathogens in food matrixes. 24 Other authors 21 showed, for the first time, the use of the DHPLC analysis to profile a food-related mixed microbial community. Compared to current techniques of bacterial identification, DHPLC is quick, economical and capable of screening large numbers of samples in a relatively short period of time. 25 DHPLC is used in this study to discriminate genetic differences in the 16S rRNA and alcohol dehydrogenase (AdhA) (subunit I of PQQdependent ADH) genes among bacterial species based on its efficiency and sensitivity to enable the detection and discrimination of different genetic sequences. They were cultivated and preserved according to the DSMZ and CECT procedures. Two wild strains of Lactobacillus plantarum and Lactobacillus sakei isolated from a meat matrix, and two wild strains of Acetobacter malorum (wt1 and wt2) isolated from wine vinegar samples were also used. These wild strains were identificated by sequencing.
Materials and Methods

Microorganisms
Broth subcultures of each strain were prepared in flasks containing 50 mL of tryptic soy broth (Biolife, Milan, Italy) plus 0.6% (w/v) of yeast extract (Biolife) (TSBYE), MRS broth for lactic acid bacteria (Merck, Darmstadt, Germany) and YPM broth (0.5% yeast extract, 0.3% peptone, 2.5% mannitol) for AAB inoculated to an initial concentration of approximately 10 6 CFU/mL. The cultures were incubated under agitation (135 rpm) (mod. Rotabit, Selecta, Spain) at 30ºC or 37ºC for 24 or 48 h until the stationary growth phase was reached (Table 1) . Lactobacillus was incubated under anaerobiosis.
Wine vinegar was contaminated with different reference AAB strains (A. pasteurianus, Ga. xylinus and G. cerinus). 10 mL of growth cultures (10 8 colony forming unit mL -1 ) were centrifugated at 10,000 g for 10 min, the pellet was resuspended in 3.33 mL and then they were mixed reaching a final volume of 10 mL.
DNA extraction
Total DNA was isolated by phenol-chloroform extraction (ISO 21571:2005) from 1 mL of bacterial cultures or artificially contaminated vinegar samples. Samples were homogenized in 1 mL lysis buffer (500 mM Tris, pH 9.0, 20 mM EDTA, 10 mM NaCl) (Sigma-Aldrich, Munich, Germany) with 50 µL lisozime (10 mg/mL) (Sigma-Aldrich) and were incubated 1 h at 37ºC. Then 25 µL of proteinase K (20 mg/mL) (Sigma-Aldrich) and 25 µL of 1% sodium dodecyl sulfate (SigmaAldrich) were added and incubated at 10 min/60°C. One volume of isoamyl-phenol-chloroform (25:24:1) was added, the aqueous phase was transferred to a fresh sterile tube, and DNA was further purified by chloroform/isoamyl alcohol (24:1) extraction. After centrifugation at 13,000 g for 10 min, the aqueous phase was transferred to a fresh sterile tube, and DNA was precipitated on ice with 0.1 volume of sodium acetate (3 M) and 2.5 volumes of 99% (v/v) ethanol (Panreac, Barcelona, Spain). After an additional centrifugation at 13,000 g for 20 min, the supernatant fluid was discarded. The DNA pellet was washed twice with 70% (v/v) ethanol, air-dried, resuspended in 100 µL of Tris-EDTA buffer (10 mM Tris, 1 mM EDTA, pH 8.0), and stored in a -20ºC freezer. Extraction of pure lysis buffer was performed in parallel as a negative control.
Polymerase chain reaction conditions
After several tests, the following optimized PCR conditions were used in a 50-µL reaction for the amplification of the 16S rRNA fragment: 1×PCR Buffer, 1.5 mM MgCl2, 0.2 µM of forward and reverse primer, 0.2 mM of each dNTP, 1.25 U of AmpliTaq Gold DNA polymerase (Applied Biosystems, Branchburg, NJ, USA), and 10 µL of template containing 50-100 ng of extracted DNA. PCR was conducted in GeneAmp ® PCR System 9700 Thermal Cycler (Applied Biosystems) with the following parameters: initial denaturation at 95ºC for 10 min; 25 cycles of denaturation at 94ºC for 1 min, annealing at 66ºC for 30 s and extension at 72ºC for 30 s; final extension at 72ºC for 10 min. The oligonucleotide primers used for the amplification were those described by Domann et al. 26 Forward (5´-GCACAAGCGGTGGAGCATGTGG-3´) and Reverse (5'-GACGGGCGGTGTACAAG-3´). An amplicon size of 474 bp was obtained.
For the amplification of the AdhA fragment the following conditions were used: 1×PCR Buffer, 1.5 mM MgCl2, 0.5 µM of forward and reverse primer, 0.2 mM of each dNTP, 1.25 U of AmpliTaq Gold DNA polymerase (Applied Biosystems), and 5 µL of template containing 50-100 ng of extracted DNA. PCR was conducted in GeneAmp ® PCR System 9700 Thermal Cycler (Applied Biosystems) with the following parameters: initial denaturation at 95ºC for 10 min; 45 cycles of denaturation at 94ºC for 30 s, annealing at 60ºC for 1 min and extension at 72ºC for 1 min; final extension at 72ºC for 7 min. The PCR products were electrophoresed in 2% w/v agarose gels using 1× Tris acetate running buffer. The oligonucleotide primers used for the amplification of the AdhA fragment were those described by Trcek: 15 ADHforward (5´-TGGY-WCGGCATTCCGGG-3´) degenerated and ADHreverse (5´-GTVGCGTCR-TARGCRTGGAA-3´). An amplicon size of 377 bp was obtained.
Denaturing high performance liquid chromatography conditions
PCR amplifications were analyzed by DHPLC using a WAVE ® DNA Fragment Analysis System (Transgenomic, Omaha, NE, USA) equipped with DNASep ® cartridge (Transgenomic). Chromatography was performed using a two eluent buffer system. Buffer A consisted of an aqueous solution of 0.1 M TEAA, pH 7.0, and buffer B consisted of an aqueous solution of 0.1 M TEAA, pH 7.0, with 25% (v/v) acetonitrile. Chromatograms were recorded using a UV detector at a wavelength of 260 nm. As it is previously said, the elution of DNA fragments in the system was influenced by essential factors such as column temperature, pump flow rate, gradient rate of buffer B, and time of elution. The following conditions were investigated: column temperatures of 50-70ºC, buffer B gradient rates of 35-65±5%, gradient B loading of 1-5%, elution durations of 5-30 min, and pump flow rates of 0.4-0.9 mL min -1 . All buffers and solutions were obtained from Transgenomic Company at analytical grade. Different gradient protocols used in this research are described in Tables 1-3 . Each experiment was performed at least three times on separate days to value the reproducibility of the technique.
DNA sequencing and sequences
Direct sequencing of the purified PCR products was performed by the Sanger Method 27 using dideoxynucleotides (ddNTPs) (Stratagene, CA, USA). PCR products were verified by agarose gel electrophoresis and cleaned up with the NucleoSpin columns (Macherey Nagel GmbH, Dueren, Germany). The cleaned PCR products were sequenced by the automatic sequencer ABI PRISM 310 (Applied Biosystems). Sequence comparisons were done using BLAST 28 at the DNA Data Bank GeneBank (www.ncbi.nlm.nih.gov/genbank) and aligned using the ClustalW2 algorithm (www.ebi.ac.uk).
Results and Discussion
Optimization of denaturing high performance liquid chromatography parameters for the molecular analysis of bacteria (Table 1) . To compare the retention time, these 14 species were individually analyzed using DHPLC. Amplicons containing 16S rRNA gene fragments were identified due to their different retention times ranging from 5 to 11 min ( Figure 1A and B) . As in the DHPLC system the column temperature plays a significant role in partial denaturation of DNA molecules allowing discrimination and characterization of DNA fragments of microbial population, the optimal column temperature was investigated using PCR products of different bacterial species. At higher temperatures, DNA fragments become partially denatured, which lead to the reduction in the double-stranded portion of the PCR fragments: the greater the reduction of the doublestranded state, the faster the elution of the sample. The retention time differences are attributed to the reduced negative charges in the single-stranded portions of the molecule compared to the double-stranded molecule. 18 Positively charged ammonium ions of TEAA interact more favorably with the negatively charged phosphate ions of the doublestranded DNA molecules allowing more adsorption or retention to the stationary phase in the cartridge. Therefore, a gel-like separation of DNA fragments with different base pair sequences is achieved without a gel. While the use of 16S rRNA gene did not allow to difference the two wild strains of A. malorum, this region revealed as useful to differentiate them from some pathogenic bacteria as E. coli, S. typhimurium, L. monocytogeenes, L. innocua, C. perfringens or S. aureus ( Figure 1A) , from spoilage microorganisms as X. vesicatoria and Alicyclobacillus spp., and also from lactic acid bacteria as L. plantarum, L. casei, L. sakei, L. acidophilus, S. thermophilus and L. lactis ( Figure 1B) . Some of them may suppose technological risks during vinegar production. For example, X. vesicatoria is known to be the cause of serious disease in fruits (grapes) and different substrates utilized in vinegar production as tomato. 29 Alicyclobacillus has been possed as a challenge for the microbial stability of juices worldwide. 30 During industrial wine-making, the development of lactic acid bacteria can occur during alcoholic fermentation or even during storage or ageing causing changes in the wine composition that can alter its quality. 31 Using this molecular technique may do an analysis of the raw material for vinegar production in order to identify possible manufacture problems. Another gene target was searched in order to identify wild strains of A. malorum. The phylogenetic positions of the AAB species were commonly established on the basis of 16S rRNA genes. However, the pairwise comparison among the 16S rRNA gene sequences shows a very high similarity (93.7-99.9%) in AAB. The 16S-23S rRNA gene internal transcribed spacer (ITS) region sequences of AAB exhibit lower nucleotide similarity (60.7-88.0%) than the 16S rRNA gene sequences. [32] [33] [34] [35] The analysis of partial AdhA sequences showed that this region is more discriminative for AAB species differentiation than 16S-23S rDNA regions. 15 Therefore, the suitability of gene encoding subunit I of PQQ-dependent AdhA as a target gene for molecular analysis of AAB was analyzed. The results of this study confirmed those of previous reports demonstrating that 16S rRNA gene region is not adequate for the discrimination of the AAB strains from the same species, 15 so AdhA gene was selected to identify the two wild strains of A. malorum.
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The alignment of two partial AdhA sequences of 377 bp from wild strains of A. malorum wt1 and wt2 showed a high similarity with only three base pair differences between strains (data not shown). Trcek 15 has already reported the presence of conserved regions interspersed with variable segments distributed randomly over the sequence. This author also reported that the interspecies similarities varied from 58.9% to 67.5% between genera Acetobacter and Gluconacetobacter, from 66.3% to 75.5% between genera Acetobacter and Gluconobacter, and from 69.3% to 78.5% between genera Gluconobacter and Gluconacetobacter. Moreover this author also found that the comparison of AdhA sequences among strains of Ga. europaeus and Ga. intermedius showed the lowest nucleotide substitution rate (100% identity). Variation of technical DHPLC parameters (acetonitrile gradient, column temperature and flow rate) resulted in a protocol that allowed effective and reproducible characterization of AdhA gene amplicons from wild strains of A. malorum wt1 and wt2 (Table 3) . As it can be observed in the chromatogram (Figure 2) , DHPLC technology is able to discriminate between these two wild strains of A. malorum based on differences existing in the AdhA gene region.
Optimization of denaturing high performance liquid chromatography parameters for analysis of acetic acid bacteria in pure cultures and in a vinegar matrix
The genomic DNA of six AAB reference strains was extracted and subjected to analysis of PCR-DHPLC assay under optimal conditions (Tables 2-4) in order to achieve an adequate separation of the peaks Table 3 ). The program was performed at an oven temperature of 62.5ºC and a flow rate of 0.9 mL/min. Amplicons were generated with primers designed by Doman 26 for the amplification of the 16S rRNA gene region. The program was performed at an oven temperature of 55ºC and 64.6ºC for A. malorum wt2 and wt1 respectively and a flow rate of 0.9 mL min -1 . Amplicons were generated with primers designed by Trcek 15 for the amplification of the AdhA gene region. corresponding to each strain. Amplicons of the 16S rRNA and AdhA genes of pure cultures were generated via PCR and analyzed on the DHPLC system. In Figure 3 , the different retention times of pure amplicons of A. malorum, A. aceti, A. pasteurianus, G. cerinus, Ga. intermedius and Ga. xylinus are demonstrated when injected separately and in combination. The separation of amplicons derived from these strains can be clearly observed, as well as the reproducibility when injected together. For the identification of Ga. xylinus our results indicate that the 16S rRNA gene region was the most suitable, as the peak corresponding to Ga. xylinus is clearly differentiated from the other five AAB ( Figure  3A) . These results suggest that the 16S rRNA gene region in Ga. xylinus differs notably from the five other AAB strains tested in this study. However, for these strains, the investigation of the same region has not allowed a right separation among them, due to the very high similarity (93.7-99.9 %) of 16S rRNA gene sequences. Therefore, another gene target, the AdhA gene region, was analysed. As it has previously reported, this region is more discriminative for AAB species differentiation. 15 DHPLC conditions were optimized testing various oven temperatures, flow rates and gradients. Finally, it was found the best work conditions for the separation of the five AAB reference strains (Table 4 ). It has been achieved an adequate separation among peaks corresponding to different bacteria, except in the case of A. malorum and Ga. intermedius, whose peaks are coincident in all the programs tested, due to a high similarity between their AdhA sequences. Ga. xylinus has not showed peaks for both AdhA optimized protocols ( Figure 3B and C) , suggesting that the AdhA gene region in Ga. xylinus differs notably from the other five AAB reference strains tested in this study. Under other DHPLC running protocols different peaks for Ga. xylinus AdhA amplicons have been obtained (data not shown).
Gradient designation Time (min) Buffer
DNA extracted from samples obtained by artificially contamination of white wine vinegar was amplified via PCR with the primer pair ADHforward/ADHreverse and subsequently applied to DHPLC using optimized running conditions as demonstrated above. The vinegar was contaminated with three reference strains: A. pasteurianus, G. cerinus and Ga. xylinus. Genomic DNA of the vinegar was extracted and subjected to analysis of PCR multiplex-DHPLC assay under optimal conditions ( Table 4 ) that allow the separation between A. pasteurianus and G. cerinus. As expected, Ga. xylinus did not show peak under this DHPLC conditions (Figure 4) Other authors have tried to identify and quantify the microbiota involved in vinegar production with culture-independent methods. Some studies have used denaturing gradient gel electrophoresis (DGGE) or temporal temperature gradient gel electrophoresis (TTGE) as culture independent alternative for AAB identification at the species level in different substrates. 4, 8, 36, 37 Other alternatives for identification and quantification of AAB are fluorescence in situ hybridisation The program was performed at an oven temperature of 64.5ºC (4A) or 64.0ºC (4B) and a flow rate of 0.9 mL min -1 . Amplicons were generated with primers designed by Trcek 15 for the amplification of the AdhA gene region. (FISH), epifluorescence and real-time PCR. 36, [38] [39] [40] [41] However, not always they can be considered sufficient to achieve a confident identification at species level. The high degree of homology among AAB species makes it difficult to design species-specific primers and probes. Therefore, because of their discriminating power, a possible alternative is to use DHPLC as a useful technique for differentiating among AAB species with high genetic similarity. The different intensities of peaks in DHPLC may reflect the relative abundance of populations as previously demonstrated by other authors. 18 This is an advantage in monitoring bacterial populations of interest and allow to determine which ones are abundant or dominant, present or absent in acid acetic fermentation during vinegar production. DHPLC also allows fraction collection of peaks for DNA isolation and sequencing, which leads to bacterial identification and characterization of the bacterial community/ assemblage composition. By comparing the peak profile of an unknown sample of AAB with the peak profile of known species and strains previously obtained, the sample can be quickly and simply identified. The approach presented here was successfully used for identification and characterization of the AAB present in vinegar.
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Conclusions
This work expands the capabilities of DHPLC technique for detection of genetic variations in bacteria. PCR-based DHPLC was successfully adapted for the analysis of more complex bacterial communities overcoming cultured-based approaches. DHPLC appears to be a promising technique for identifying and genetically characterizing bacteria at the molecular level without sequencing DNA. The data obtained indicate that the technique is capable of identifying most bacteria at the species level and even at the strain level with optimization of the protocols. This is of particular relevance in the case of AAB due to the absence of a suitable culture medium and the inability to detect VBNC cells by culture methods.
Results obtained are preliminary and it is needed to analyze more bacterial species and strains to provide further insights in relation to differentiation and interaction of different species and closely related species or strains. Moreover, DHPLC diversity profiles could not necessarily reflect the true diversity in a complex sample. The limitations could be attributed to different factors not only conserved nature of selected genes but also DNA extraction inherent limitations, formation of chimera and heteroduplex, and preferential bias during the PCR. For this reason it is needed to optimize not only the DHPLC running conditions but also DNA extraction procedures, as well as PCR especially when it is necessary to analyze total DNA extracted from complex food matrix such as some special vinegar.
